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A B S T R A C T
To investigate to what extent body height aﬀects the use and satisfaction of electrically-assisted bicycles (EB)
among postal workers, 1115 EB users ﬁlled in a questionnaire and 28 postal workers were observed during their
distribution round. We aimed to provide a framework to estimate the possible eﬀects of providing multiple frame
sizes to postal workers. Although the body height of postal workers aﬀected how they reached for mail and
delivered it, it hardly aﬀected their satisfaction with the current EB. Accessibility of the front carrier seemed to
be the main issue that could be coped with by providing diﬀerent frames. Ironically, postal workers for whom
the front carrier was most accessible (tallest group) reported the highest physical load. The relevance of these
results with respect to the availability of multiple frame sizes and other changes to the EB that might be ben-
eﬁcial from an ergonomic point of view is discussed.
1. Introduction
The bicycle has been an important tool in the delivery of mail for a
long time. Compared to cars, bicycles are cheap, easy to use, and en-
vironment-friendly. Furthermore, compared to delivery by foot, the use
of bicycles allows postal workers to take more mail and move faster.
However, the daily delivery of mail by bicycle can be very demanding
(Theurel et al., 2008). On busy days postal workers often have to de-
liver more than 130 kg of mail and cover up to 25 km.1 In doing so,
their average power output is approximately 185W, with peaks ex-
ceeding 400W (Theurel et al., 2012). Therefore, postal companies have
been looking for ways to reduce the physical workload without redu-
cing the amount of mail to be distributed per postal worker.
Motorbikes are often used for longer postal rounds. However, postal
operators are reluctant to switch bicycles for motorbikes, mainly be-
cause the increased risk of accidents in urban traﬃc (Daniello and
Gabler, 2011; NHTSA, 2007; Pai, 2011). Recently, electrically assisted
bicycles (EBs) have been gaining popularity, not only for commuting
and recreation, but also as a postal vehicle. Although the crash risk with
EBs has been found to be higher than with normal bicycles, injuries
were not more severe (Schepers et al., 2014). Similar to accidents oc-
curring by foot (Bentley and Haslam, 2001; Norlander et al., 2015),
bicycle accidents most often occur due to slipping.
In Belgium, the largest postal operator (bpost) has been using EBs
for some years and wants to increase the share of EBs among the ve-
hicles used for mail delivery. However, an EB for postal service has
diﬀerent needs than one for recreational use. Since these vehicles are
used every day, whatever the weather conditions, and need to carry
about 40 kg of mail, EBs for postal service need to be ‘heavy duty’.
Therefore, these EBs already have a reinforced frame and battery.
Furthermore, postal workers use their EB in a very diﬀerent way
than recreational EB users. Only during a short period of the working
day, the postal worker actually ‘cycles’ for multiple consecutive min-
utes. In contrast to recreational use, most of the displacements are only
a few meters (to the next mailbox). Pilot observations showed that these
displacements are made by biking very brieﬂy, by peddling, or by
walking with the bike. Moreover, the mail has to be taken from the
front carrier at almost every mailbox (see also Fig. 1). Therefore, a
postal worker does not spend most of his time ‘cycling’ with the EB, but
rather uses the EB as a ‘tool’ to carry post. Due to these constraints to
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the mail-delivering task, the postal EB has speciﬁc requirements, such
as a low standover height and an accessible front carrier. Furthermore,
in contrast with normal usage of an EB, the saddle of a postal EB is
usually very low to facilitate stopping and starting, easily getting on or
oﬀ the saddle, and allowing the postal worker to stand on both feet
when the EB is standing still. Currently, the EB design of bpost already
takes into account these important aspects of the job.
Nevertheless, there is still room for improvement of the quality and
user friendliness of EBs for postal service. An important issue that bpost
wants to address in the future is the lack of multiple frame sizes.
Adapting the size of working tools to the anthropometry of the workers
has previously been suggested to have a considerable impact on worker
productivity, comfort, occupational health and safety (Das and
Sengupta, 1996; Dewangan et al., 2008; Vieira and Kumar, 2004).
Furthermore, it is widely acknowledged both in literature and within
bpost that a correctly sized bicycle is important part of bicycle ergo-
nomics (De Vey Mestdagh, 1998; Silberman et al., 2005). Un-
fortunately, due to a multitude of reasons (e.g. logistic, ﬁnancial, un-
certainty of impact …), bpost currently oﬀers only one bicycle frame
size to its employees. As multiple postal workers have already reported
that the current EB is unﬁt for their posture, some EBs have been
adapted, but this only consisted of lowering the minimal saddle height.
For city bicycles, and especially for racing bicycles, multiple ﬁtting
systems have already been developed and some posture studies have
been carried out (Christiaans and Bremner, 1998; Laios and Giannatsis,
2010). These studies showed that correct bicycle ﬁtting can reduce
injuries, and increase comfort and cycling eﬃciency (De Vey Mestdagh,
1998; Silberman et al., 2005). Unfortunately, due to the speciﬁc con-
straints of the mail-delivering task, ﬁtting a postal bicycle in the same
way as a racing or city bicycle would not be preferable. For example,
with a racing bicycle the saddle should allow an almost fully extended
leg when at the bottom of the pedal stroke (Neuss, 2007). As was
mentioned earlier, postal workers prefer to be able to have both feet
touching the ground while seated to facilitate starting and stopping,
and to keep the loaded EB in balance.
Knowing the possible beneﬁts of properly sized working tools for
employees, bpost is considering to oﬀer multiple frame sizes to their
postal workers. However, due to the unique way that EBs are used in a
postal context, it remains uncertain if oﬀering multiple frame sizes will
have a large impact on the satisfaction and usage of the EBs for postal
purpose. Therefore, the current study investigates to what extent body
height of postal workers aﬀects the use and satisfaction with the current
EBs. In doing so, we aim to provide a framework for bpost to estimate
the possible eﬀects of providing multiple frame sizes to its postal
workers. Furthermore, insights in how the EBs are used by postal
workers also allows them to better describe the needs of postal workers
to EB manufacturers.
2. Methods and analyses
The use and the evaluation of the EBs were studied in two ways.
First, a questionnaire was distributed among all EB users of the com-
pany. In general, this questionnaire conducted an evaluation of the EB
by its users, and questioned how the EB was used. Secondly, EB users
were ﬁlmed during a full postal round to analyse the movements made
during the delivery of mail. Both the questionnaire and the observation
aimed to assess the use and the evaluation of EBs used for the delivery
of mail in the major Belgian postal operator ‘bpost’.
2.1. Pilot
To get familiar with the work of postal workers, and to have a ﬁrst
impression on their views on the current EB used at bpost, six postal
workers were followed on their daily round by one of the researchers.
During these rounds informal conversations about the EB and the work
of a mailman/woman were held. Information from these initial ob-
servations and talks was used as a starting point to develop the ques-
tionnaire and the observation protocol.
Next to the general use and satisfaction with the current EB, three of
the most recurring actions of the postal worker were selected for closer
investigation in both the questionnaire and the live observations. These
were: 1) reaching for mail in the front carrier, 2) delivering the mail in
the mailbox, and 3) moving to the next mailbox.
2.2. Questionnaire
The questionnaire contained six broad categories of questions: 1)
characteristics of the subject, 2) evaluation of the EB, 3) evaluation of
postal actions, 4) evaluation of working environment, 5) physical
complaints, and 6) other. Most questions were multiple choice with four
options, and open questions provided the possibility to give suggestions
to improve the EB, working process with EB, or other. This four-point
scale was preferred to the standard ﬁve-point Likert scale to avoid ex-
cessive ‘neutral’ responses (Garland, 1991; Krosnick, 1991; Krosnick
et al., 2001).
A draft version of the questionnaire was reviewed by staﬀ of bpost,
and by a panel of researchers not directly involved in the research. Four
post oﬃce staﬀ members, including one postal worker, performed a
ﬁnal review prior to launching the questionnaire. A Dutch and a French
version of the questionnaire was available online and on paper in the
local post oﬃces for all EB users of bpost. The questionnaire took about
30min to complete, and was available for 6 weeks. In total 1116 EB
users of bpost completed the questionnaire. This corresponds to roughly
62% of all EB users within this company.
For the purpose of the current study, questions from the category ‘4)
evaluation of working environment’, and ‘6) ‘other’ were left out of the
analysis since these questions concerned general issues for the postal
worker, not directly related to the use of the EB. In “2) evaluation of the
EB” a general satisfaction score on 10 was asked for the current EB with
‘1’ being very bad, and ‘10’ being very good (“how would you rate the
current e-bikes to carry out your job as a mailman/woman?”).
Furthermore, the balance, comfort, agility and manoeuvrability had to
be rated on a four-point scale (bad – rather bad – rather good – good).
The functional quality of multiple components of the bicycle (e.g.
brakes, tires, handlebar, …) were also scored with the same four-point
scale. Finally, EB users were asked whether they would prefer less or
more frame sizes, or if there were enough.
In “3) evaluation of postal actions”, the frequency of three key ac-
tions during the postal round was questioned. These three evaluated
actions were ‘how mail is taken from the front carrier’ (4 ways), ‘trunk
position during the delivery of mail’ (8 positions), and ‘how the
Fig. 1. The current electrically assisted bicycle of bpost, which was introduced
approximately six years ago. Front carrier can hold 1 bag, rear carrier can hold
2 full bags and 6 empty bags of mail.
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employee moves to the next mailbox’ (5 ways; see appendix A for a
description of these postal actions). Participants had to indicate whe-
ther these actions occur ‘(almost) never’, ‘sometimes’, ‘often’, or ‘(al-
most) always.
Finally, in “5) physical complaints” the EB users were asked how
constraining (i.e. physical load) the delivery of mail by EB was for
diﬀerent joints/body parts of their body (feet, ankles, knees, hips, lower
back, upper back, neck, shoulders, elbow, wrists & hands). Similar to
previous questions, four answers were provided per joint/body part: not
constraining – a bit constraining – constraining – very constraining. For
each subject, a general score for ‘physical load’ was calculated by taking
the average score for all parts.
Online questionnaires were gathered using the online survey tool
SuveyMonkey (Palo Alto, US). The paper surveys were collected and
manually uploaded into SurveyMonkey as well. All results were ex-
ported to Excel and SPSS, with which the results were checked for er-
rors and duplicates. The answers on the four-point scales were recoded
to scores of 1–4. Averages of these scores therefore could range from 1
(‘bad’, ‘(almost) never’, or not constraining) to 4 (‘good’, ‘(almost) al-
ways’, or very constraining).
Participants were divided into ﬁve groups based on their body
height. Percentiles 20, 40, 60 and 80 of body height were used as cut oﬀ
points. This resulted in the following ﬁve groups:< 169 cm,
169–174 cm, 175–178 cm, 179–183 cm,> 183 cm. Details about the
characteristics of these groups can be found in Table 1. These char-
acteristics of the EB users were in line with internal data of bpost, which
suggests that the sample is representative for all employees using the EB
in the company. 23.34% of the participants was aged 18-29y, 26.07%
was 30–39y, 29.72% was 40–49, 20.51% was 50–59, and only 0.36%
was older than 60years.
2.3. Observations
To investigate the movements that postal workers have to make
during their round, 28 EB users were followed and ﬁlmed. Videos were
made using a GoPro Hero 3+, which was mounted on the bicycle
helmet of the researcher. An external battery ensured that battery life of
the camera exceeded the duration of the postal round.
All videos were transferred to a computer and analysed using
Kinovea. Since postal rounds can last between 3 and 6 h, only every 5th
minute was analysed (so one ﬁfth of each round was analysed). During
analysis the same three key events as were questioned in the ques-
tionnaire were analysed: 1) how mail is taken from the front carrier, 2)
trunk position during the delivery of mail, and 3) how the employee
moves to the next mailbox. Although largely similar, some extra types
of movements were observed that were not included in the ques-
tionnaire. See appendix B for further information about these postal
actions. All video analyses were performed by 2 of the authors. Inter-
rater reliability was good, with single measures intraclass correlations
of 0.913, 0.974 and 0.803 for taking mail, delivering mail and moving
to the next mailbox, respectively. The postal worker was informed
about the observation and its purpose. In addition, written informed
consent was obtained from all participants.
As was the case for the questionnaire, percentiles 20, 40, 60, and 80
of body height were used as cut oﬀ points to form ﬁve groups. For the
observations, this resulted in the following ﬁve groups:< 166 cm,
166–168 cm, 169–173 cm, 174–180 cm,> 180 cm. However, since the
sample size for this study was much smaller, the three middle groups
were grouped and compared to the shortest and the largest group.
Details about these three groups can be found in Table 2.
3. Statistics
For both the questionnaire and for the observations, ANOVA-tests
were performed in SPSS21 to analyse diﬀerences among groups.
Bonferroni post-hoc tests were performed to further investigate sig-
niﬁcant diﬀerences.
A possible confounding factor in the current study was the eﬀect of
gender-speciﬁc characteristics of the participants. The majority of the
short postal workers were females, while the majority of the tall postal
workers were males. Apart from body height, gender-speciﬁc diﬀer-
ences in muscle power and ﬂexibility might have aﬀected the use and
perception of the EB. To test if gender aﬀected the current results post-
hoc two-way ANOVAs with gender and body length as independent
factors were performed. None of these analyses showed an interaction
between body length and gender, for both usage and perception of the
EB. Therefore, our results do not seem to be confounded by gender-
speciﬁc characteristics.
4. Results
4.1. Questionnaire
4.1.1. Satisfaction EB
On a scale of 1–10, with 1 being very bad and 10 being very good,
EB users gave a general score of 6.34 ± 1.86. However, no diﬀerence
in general score for the EB was found between the ﬁve length groups
(F4,1061= 0.804; p=0.522).
Table 1
Characteristics of EB users who ﬁlled the questionnaire. Note that the EB has only been introduced approximately six years ago.
# % men body height weight BMI years on EB
<168 cm 229 28% 163,27 ± 4,22 66,99 ± 11,02 25,09 ± 4,10 3,49 ± 1,81
168–174 cm 219 77% 171,44 ± 1,64 75,24 ± 12,01 25,59 ± 4,07 3,21 ± 1,71
174–178 cm 229 91% 176,32 ± 1,24 78,13 ± 13,02 25,12 ± 4,12 3,06 ± 1,87
178–183 cm 213 96% 181,03 ± 1,33 82,42 ± 12,61 25,15 ± 3,88 2,92 ± 1,69
> 183 cm 208 100% 187,97 ± 3,79 87,51 ± 11,9 24,77 ± 3,31 3,28 ± 1,73
missing data 18
Total/Average 1116 78% 175,75 ± 8,81 77,98 ± 13,9 25,15 ± 3,91 3,20 ± 1,78
Table 2
Characteristics of EB users who were observed.
# % men body height weight BMI age years on EB
<166 cm 7 14% 1,60 ± 0,05 64,67 ± 13,09 21,51 ± 10,29 45,71 ± 4,03 3,64 ± 1,18
166–181 cm 15 80% 1,72 ± 0,04 71,85 ± 10,15 21,03 ± 9,09 39,60 ± 11,88 4,15 ± 1,63
> 181 cm 6 100% 1,87 ± 0,06 96,33 ± 10,95 27,73 ± 3,76 32,00 ± 8,44 3,33 ± 1,97
Total/Average 28 68% 1,72 ± 0,1 76,00 ± 16,03 23,42 ± 8,75 39,5 ± 10,61 3,83 ± 1,58
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Scores on the balance (F4,1072= 1.318; p= 0.261) and comfort
(F4,895= 1.945; p= 0.101) of the EB were also not dependent of length
of the user. The score for manoeuvrability however did tend to be de-
pendent on the length of the user (F4,992= 2.356; p= 0.052), with the
shortest group (< 168 cm) giving a lower score than the tall group
(178–183 cm; p=0.040). Length of the EB user did not aﬀect how they
scored the parts of the bicycle (F4,1068= 1.347; p= 0.25).
When asked if there are too few, enough, or too many frame sizes,
signiﬁcantly more EB users of the shortest and the tallest group in-
dicated they wanted more frame sizes (see Table 3; F4,1026= 7.024;
p < 0.001).
4.1.2. Evaluation of postal actions
Compared to other groups, the shortest EB users indicated that they
took mail from their front carrier more often from a standing position,
while other EB users did this while being seated (see Table 4 for more
details. Furthermore, the shortest EB users indicated signiﬁcantly more
often that they put their bike on the stand to deliver mail. The shortest
EB users also seemed to walk next to their bike more often, and left the
e-assist on more often. No other signiﬁcant diﬀerences were found
between the groups in how they indicated to deliver the mail, or moved
to the next mailbox.
4.1.3. Physical complaints
In general, current results of physical complaints matched the in-
ternal data about the physical complaints of the bicycle and EB users
within the company. More speciﬁcally, physical complaints about
‘lower back’ were most prevalent, followed by ‘neck’, ‘shoulders’ and
‘knees’ (table with details can be found in appendix C).
No diﬀerence was found between the diﬀerent groups in the average
score for physical load (F4,1057= 0.712; p=0.583). Analysed per
joint/body part, no diﬀerences between groups were found either (all
p > 0.1), except for ‘lower back’ (F4,1053= 2.823; p=0.024). The
tallest group scored their activities with the EB as more constraining for
their lower back than the shortest group (see Table 5 for details). Dif-
ferences among other groups were not signiﬁcant (p > 0.1).
4.2. Observations
4.2.1. Evaluation of postal work
Body height seemed to aﬀect the way EB users take and deliver the
mail. Shortest EB users tended to take mail more often from a standing
position than the tallest group, but this diﬀerence failed to reach sig-
niﬁcance (see Table 6 for more details). When delivering mail, the
Table 3
Answers on question “What do you think about the number of frame sizes of-
fered?” (There should be less – there are enough – there should be more) ac-
cording to diﬀerent body groups.
< 169 cm 169–174 cm 175–178 cm 179–183 cm >183 cm
Less 6% 3% 1% 3% 2%
Enough 61% 74% 83% 82% 62%
More 33% 22% 16% 16% 36%
Table 4
The score for frequency of postal actions according to EB users. 1 = (almost) never; 2= sometimes; 3= often; 4 = (almost) always. Same superscript indicates
signiﬁcant diﬀerences.
< 168 cm 168–174 cm 174–178 cm 178–183 cm >183 cm F p
Reach for mail
seated, hand on handlebar 2,15 ± 1,08a,b,c,d 2,71 ± 0,99a 2,78 ± 0,99b 2,77 ± 0,96c 2,76 ± 0,91d 15,607 < 0,01
seated, arm on handlebar 1,61 ± 0,83a,b,c,d 1,93 ± 0,90a 1,89 ± 0,93b 1,92 ± 0,92c 1,86 ± 0,93d 4422 <0,01
standing 2,96 ± 0,97a,b,c,d 2,62 ± 0,92a 2,61 ± 0,91b 2,50 ± 0,87c 2,57 ± 0,93d 7890 <0,01
other 1,60 ± 0,96 1,72 ± 0,97 1,56 ± 0,89 1,54 ± 0,86 1,47 ± 0,69 1359 0,25
Delivering mail
No movement 2,87 ± 0,85 2,86 ± 0,81 2,73 ± 0,83 2,73 ± 0,76 2,81 ± 0,74 1459 0,21
ﬂexion forward 2,26 ± 0,81 2,27 ± 0,75 2,26 ± 0,68 2,32 ± 0,74 2,32 ± 0,69 0,316 0,87
ﬂexion sideways 2,55 ± 0,78 2,54 ± 0,75 2,49 ± 0,70 2,46 ± 0,7 2,62 ± 0,65 1317 0,26
ﬂexion backwards 1,62 ± 0,77 1,56 ± 0,65 1,61 ± 0,68 1,61 ± 0,70 1,69 ± 0,70 0,775 0,54
Torsion 2,21 ± 0,84 2,23 ± 0,75 2,21 ± 0,73 2,16 ± 0,76 2,36 ± 0,69 1904 0,11
Flexion and torsion 2,06 ± 0,88 1,97 ± 0,76 2,08 ± 0,78 1,94 ± 0,75 2,13 ± 0,77 1890 0,11
standing, bike on stand 2,48 ± 0,73a,b,c 2,37 ± 0,71 2,26 ± 0,7a 2,22 ± 0,75b 2,17 ± 0,69c 5838 <0,01
standing, bike against wall 2,27 ± 0,84 2,18 ± 0,83 2,13 ± 0,74 2,16 ± 0,73 2,10 ± 0,79 1307 0,27
Move to the next mailbox
walking next to bike 1,62 ± 0,80a 1,52 ± 0,75 1,45 ± 0,70 1,45 ± 0,68 1,33 ± 0,60a 4467 <0,01
walking, bike between legs 2,02 ± 0,76 2,04 ± 0,82 1,93 ± 0,79 2,03 ± 0,75 1,89 ± 0,69 1602 0,17
Kicking 2,07 ± 0,90 2,24 ± 0,86 2,17 ± 0,92 2,25 ± 0,88 2,32 ± 0,86 2371 0,05
e-assist oﬀ 1,44 ± 0,73a 1,67 ± 0,83a 1,50 ± 0,73 1,51 ± 0,77 1,55 ± 0,82 2543 0,04
e-assist on, not active 1,98 ± 0,88 1,99 ± 0,82 1,97 ± 0,82 1,98 ± 0,84 1,95 ± 0,83 0,075 0,99
Table 5
Percentages of answers per group and average score for the question ‘how constraining is the delivery of mail with EB for your lower back?’. Same superscript
indicates signiﬁcant diﬀerence.
Lower back 1 - Not
constraining
2 - a bit
constraining
3 –
constraining
4 - Very
constraining
Average score
< 168 cm 13% 31% 38% 18% 2,60 ± 0,92a
168 cm - 174 cm 17% 26% 35% 22% 2,63 ± 1,01
174 cm - 178 cm 11% 25% 41% 24% 2,77 ± 0,93
178 cm - 183 cm 11% 28% 43% 18% 2,68 ± 0,90
> 183 cm 10% 21% 42% 27% 2,87 ± 0,93a
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shortest group had to bend sideways signiﬁcantly more often, and made
more combined movements (ﬂexion and torsion of the spine) than other
groups. No other diﬀerences were found between the height groups in
how they moved to the next mailbox. However, the shortest group
tended to ‘kick’2 the bike more than the other groups, but this diﬀer-
ence did not reach signiﬁcance.
5. Discussion
Shorter and taller postal workers indicated more often that there is a
need for more bicycle frame sizes. However, still approximately two-
thirds of these groups indicated that there is no need for more frame
sizes. Surprisingly, the higher need for more frame sizes among short
and tall employees was not accompanied by diﬀerent satisfaction
scores. Only for ‘manoeuvrability’ the current EB scored worse among
short postal workers than among taller postal workers. Apart for tall
postal workers evaluating the usage of the EB as more constraining for
their lower back, no other diﬀerences in physical load were found. This
lack of diﬀerence in reported physical load is surprising considering
that the observations showed that shorter postal workers need to make
more use of torsions and a combination of torsion and ﬂexion of the
trunk to deliver mail than the other groups.
5.1. Satisfaction with the EB
During the initial informal interviews, short and tall postal workers
often indicated that their bike was ‘not ﬁt’ for their stature. However,
the current results showed that the shortest and tallest postal workers
did not give a diﬀerent general score for the EB than the more average
length groups. Only the manoeuvrability of the EB was scored lower in
short EB users than in the taller groups. However, this latter ﬁnding is
probably more likely due to diﬀerences in body weight than in height.
Manoeuvring with a bike is usually done by leaning towards the di-
rection you want to go to (Schwab et al., 2012), and often involves
moving the front wheel sideways by lifting or pulling it. Since a postal
EB is loaded with up to 40 kg of mail and a heavy battery, a con-
siderable weight has to be dealt with when manoeuvring. As a result,
shorter employees (who are in general also lighter; see Tables 1 and 2)
will have more problems in manoeuvring the fully loaded EB. To
counter this, shorter/lighter postal workers could be encouraged to load
fewer bags on their EB, but instead work with more reﬁll bags (bags of
mail that are dropped oﬀ along the route of the postal worker).
A lack of diﬀerence in the general satisfaction with the current EB
could have been caused by postal workers comparing the EB with a
regular bicycle used by bpost, rather than scoring the EB to their own
needs. As almost all postal workers prefer the EB to a non-electrical
postal bicycle, they might have scored the EB generally positive.
Furthermore, in the open suggestions, “making the front carrier more
accessible” was a frequently recurring suggestion. It therefore seems
that postal workers not only consider the frame size itself to be a pro-
blem, but rather the accessibility of the front carrier. However, as the
front carrier is attached to the front side of the frame (not to the handle
bar) the distance between the bicycle seat and the front carrier is di-
rectly related to the frame size.
5.2. Use of the EB
Although postal workers of diﬀerent stature showed few diﬀerences
in how they evaluated the EB, usage of the EB for postal purposes was
clearly diﬀerent for the shortest group. Both the diﬀerence in how they
reach for mail and how they deliver the mail is probably due to the
reach of the postal workers. Short postal workers simply cannot reach
the front carrier in a comfortable way without getting oﬀ the saddle
(see Fig. 2). Similarly, tall postal workers might be able to just stretch
their arm to reach a mailbox whereas shorter postal workers will have
to bend their trunk as well. Next to stature however, the position of the
mailbox strongly inﬂuences the manner in which the mail could be
delivered. The bicycle design therefore has only limited eﬀect on these
actions. In contrast, the accessibility of the front carrier is directly re-
lated to the bicycle design. An adjusted bicycle for shorter postal
workers therefore will most likely change the way they reach for mail.
Although dismounting the saddle to reach the mail in the front
carrier is more time consuming, it might be less constraining. The tallest
group of postal workers was found to have a higher reported load on the
lower back than the shortest group. This is possibly related to the in-
creased time of leaning forward to reach for mail. However, other
factors such as BMI (Heuch et al., 2015a; Shiri et al., 2010) and a po-
tential predisposition of tall people to develop low back problems
(Coeuret-Pellicer et al., 2010; Heuch et al., 2015b) might have biased
these results. If the motor behaviour of postal workers indeed aﬀects
the reported task load, it could also be expected that for the shorter
postal workers the higher frequency of torsions and ﬂexions of the trunk
when delivering mail would result in a higher reported load in the short
group. However, this eﬀect was not found. Perhaps holding a static
inclined posture for longer periods was more demanding for the lower
back of postal workers than changing postures regularly, even if it in-
volves constraining ﬂexions of the spine. More extensive prospective
studies are necessary to conﬁrm the possible relation between postal
actions and reported task load and/or injury.
5.3. General discussion and implications
In general, although the body height of the postal workers aﬀects
Table 6
The frequency of postal actions as observed, expressed in percentage. Same
superscript indicates signiﬁcant diﬀerences.
< 165 cm 165–181 cm >181 cm F p
Reach for mail % % %
seated, hand on
handlebar
8 ± 13 12 ± 20 12 ± 25 0,114 0,89
seated, arm on
handlebar
7 ± 16 10 ± 21 2 ± 4 0,448 0,64
biking, hand on
handlebar
17 ± 18 12 ± 2 25 ± 34 0,718 0,50
biking, arm on
handlebar
3 ± 6 0 ± 0 1 ± 2 1642 0,21
standing 48 ± 35 23 ± 26 15 ± 17 2909 0,07
got oﬀ bike 8 ± 4 15 ± 17 21 ± 19 1274 0,30
at previous mailbox 3 ± 5 17 ± 25 16 ± 22 1033 0,37
no data 7 ± 2 10 ± 6 9 ± 2 1499 0,24
Delivering mail
No movement 17 ± 10 23 ± 17 27 ± 12 0,786 0,47
ﬂexion forward 2 ± 1 5 ± 5 2 ± 3 1721 0,20
ﬂexion sideways 12 ± 8 13 ± 6 9 ± 8 0,667 0,52
ﬂexion backwards 1± 1a,b 0 ± 0 a 0 ± 0 b 5057 0,01
torsion 24 ± 12 a,b 10 ± 6 a 9 ± 4 b 9433 <0,01
ﬂexion and torsion 21 ± 10 a,b 9 ± 7 a 8 ± 7 b 7151 <0,01
while cycling 6 ± 9 3 ± 3 15 ± 26 1927 0,17
standing, bike on
stand
4 ± 5 19 ± 23 14 ± 16 1585 0,22
standing, bike against
wall
5 ± 4 8 ± 12 7 ± 10 0,171 0,84
no data 8 ± 2 11 ± 6 10 ± 3 1249 0,30
Move to the next mailbox
walking next to bike 5 ± 12 5 ± 15 1 ± 1 0,239 0,79
walking, bike
between legs
5 ± 6 2 ± 3 2 ± 5 1132 0,34
kicking 29 ± 21 12 ± 13 13 ± 14 3131 0,06
biking 52 ± 25 52 ± 24 63 ± 20 0,549 0,58
by foot 2 ± 2 19 ± 25 10 ± 15 1838 0,18
no mailbox 6 ± 3 10 ± 6 9 ± 2 2093 0,14
no data 2 ± 2 1 ± 1 1 ± 2 1452 0,25
2 Pushing (kicking) the bike forward with one foot while being seated or standing on
the pedals.
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how they reach for mail and deliver it, it hardly aﬀected their sa-
tisfaction with the current EB. Based on the live observations and the
suggestions by the postal workers, it seems that accessibility of the front
carrier is the main issue that could be coped with by providing diﬀerent
bicycle frames. Ironically, the postal workers for whom the front carrier
is most accessible (tallest group) report the highest physical load.
Based on current results, it seems that merely oﬀering smaller and
larger bicycle frame sizes without changing other characteristics of the
EB might not improve the general satisfaction with the EB all too much.
Although shorter postal workers will most probably beneﬁt from a
smaller frame size, results suggest that this will be less the case for
providing larger frame sizes to taller postal workers.
In addition to providing multiple frame sizes, making some parts of
the EB more adjustable might also improve some of the current issues.
For example, allowing the postal workers to adjust the position of the
front carrier might improve its accessibility. Related to this, the height
of the handlebar is rarely changed by postal workers since a higher
position of the handlebar impedes the accessibility of the front carrier
(which is ﬁxed to the frame). To improve EB satisfaction without im-
peding postal actions, the design of the handlebar could be adapted.
This way the front carrier could be more accessible while providing a
wider range of positions and improving bicycling comfort (Ayachi et al.,
2015).
Other suggestions made by the postal workers included diﬀerent
types of electrical motor, a diﬀerent saddle, more reﬂectors, a rear-view
mirror, and many more. Some of these suggestions made by the postal
workers, such as saddle type, have already been found to be beneﬁcial
for the riding posture and/or behaviour when using city bikes
(Balasubramanian et al., 2014; Chen and Liu, 2014; Cho et al., 1999;
Hsiao et al., 2015). It therefore seems likely that these suggestions will
also have beneﬁcial eﬀects for postal workers. User experience has
often been found to be important in the development of new products
(Bruseberg and McDonagh-Philp, 2001; Hassenzahl and Tractinsky,
2006; Jordan, 1998) and should therefore be taken into account for the
design of a new EB for bpost.
6. Conclusions
Current study provided important insights in how the EB is used in
postal context, how stature aﬀects this use, and how the current EB is
perceived by the postal workers. The results of this study are useful for
the design of new postal EBs. By continuing to improve the tools of their
postal workers, bpost aims to increase comfort, safety and eﬃciency,
and reduce injuries. However, the current study only took into account
overall stature, while the length of individual body parts could also play
an important role. More work needs to be done to ﬁnd the ideal design
of a postal EB.
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Appendix A. Postal actions questionnaire
Reaching for mail in front carrier
1) On the seat, leaning forward with one hand on the handlebar
Fig. 2. Typical way to take mail from the front carrier for a tall postal worker (left), and for a short postal worker (right).
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2) On the seat, leaning forward with arm leaning on the handlebar
3) Standing, with the EB between the legs
4) other position than the ones described above
Delivering the mail in the mailbox
1) Neutral position, posting the mail by moving the arm only
2) Flexion forward
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3) Flexion sideways
4) Flexion backwards
5) torsion
6) combination of torsion and ﬂexion
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7) Put the EB on the stand and get oﬀ to deliver the mail by foot
8) Place the EB against a wall (or other support) and get oﬀ to deliver the mail by foot
Moving to the next mailbox
1) Walking next to the EB while pushing it
2) Walking with EB between the legs
3) ‘Kicking’ the EB
4) Cycling with electrical assistance
5) Cycling without electrical assistance
Appendix B. Postal actions observations
For the observations, it was originally planned to use the same actions as for the questionnaire. However, some actions were added as we
observed more postal workers. These were typically the actions that mailmen in the questionnaire would describe as ‘other position’. The actions that
are included in the observations that were not included in the questionnaire are marked with *.
Reaching for mail in front carrier
1) On the seat, leaning forward with one hand on the handlebar
2) On the seat, leaning forward with arm on the handlebar
3) * Taking mail while biking, leaning forward with one hand on the handlebar
4) * Taking mail while biking, leaning forward with arm on the handlebar
5) Standing with EB between the legs
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6) got oﬀ the EB to take mail out of the front carrier
7) Already took mail at the previous mailbox
Delivering the mail in the mailbox
1) Neutral position, posting the mail by moving the arm only
2) Flexion forward
3) Flexion sideways
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4) Flexion backwards
5) torsion
6) combination of torsion and ﬂexion
7) *Delivering mail while cycling
8) Put the EB on the stand and get oﬀ to deliver the mail by foot
9) Place the EB against a wall (or other support) and get oﬀ to deliver the mail by foot
Moving to the next mailbox
1) Walking next to the EB while pushing it
2) Walking with EB between the legs
3) ‘Kicking’ the EB
4) * Cycling with or without electrical assistance
5) * by foot, without bike
6) * No mailbox during this minute of observation
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Appendix C. Detailed results of physical complaints
<168 cm 168 cm - 174 cm 174 cm - 178 cm 178 cm - 183 cm >183 cm Total F p
Feet L 1,78 ± 0,87 1,69 ± 0,82 1,78 ± 0,83 1,71 ± 0,78 1,77 ± 0,85 1,75 ± 0,83 0,551 0,70
Ankles L 1,75 ± 0,86 1,76 ± 0,86 1,77 ± 0,83 1,72 ± 0,73 1,76 ± 0,79 1,75 ± 0,81 0,124 0,97
Knees L 2,14 ± 0,95 2,11 ± 0,96 2,2 ± 0,91 2,06 ± 0,89 2,19 ± 0,94 2,14 ± 0,93 0,868 0,48
Hips S 1,91 ± 0,88 1,86 ± 0,93 1,95 ± 0,88 1,8 ± 0,84 1,98 ± 0,95 1,9 ± 0,9 1294 0,27
Lower back S 2,6 ± 0,92a 2,63 ± 1,01 2,77 ± 0,93 2,68 ± 0,9 2,87 ± 0,93a 2,71 ± 0,94 2823 0,02
Upper back S 2,17 ± 0,95 2,24 ± 1,04 2,34 ± 0,99 2,26 ± 0,94 2,38 ± 0,94 2,28 ± 0,97 1498 0,20
Neck S 2,21 ± 0,97 2,08 ± 0,97 2,19 ± 0,99 2,05 ± 0,93 2,19 ± 0,94 2,15 ± 0,96 1210 0,30
Shoulders S 2,21 ± 0,98 2,08 ± 0,98 2,19 ± 1,01 2 ± 0,89 2,05 ± 0,93 2,11 ± 0,96 1878 0,11
Elbows A 1,77 ± 0,91 1,71 ± 0,88 1,79 ± 0,89 1,7 ± 0,84 1,73 ± 0,82 1,74 ± 0,87 0,436 0,78
Wrists A 1,97 ± 1 2,06 ± 1,01 2 ± 0,99 1,98 ± 0,91 1,95 ± 0,95 1,99 ± 0,97 0,385 0,82
Hands A 1,92 ± 0,92 1,94 ± 0,97 1,94 ± 0,96 1,86 ± 0,89 1,89 ± 0,91 1,91 ± 0,93 0,246 0,91
Spine 2,24 ± 0,78 2,18 ± 0,83 2,29 ± 0,78 2,16 ± 0,71 2,3 ± 0,74 2,23 ± 0,77 1382 0,24
Arms 1,9 ± 0,86 1,91 ± 0,82 1,91 ± 0,85 1,85 ± 0,78 1,85 ± 0,79 1,89 ± 0,82 0,308 0,87
Legs 1,9 ± 0,74 1,87 ± 0,75 1,92 ± 0,74 1,83 ± 0,66 1,91 ± 0,72 1,89 ± 0,72 0,488 0,74
The average scores for physical complaints of the EB users. 1=not constraining; 2= a bit constraining; 3= constraining; 4= very constraining. Same superscript
indicates signiﬁcant diﬀerences. ‘Spine’, ‘Arms’, and ‘Legs’ are average scores of the body parts that make part of these body sections, indicated with same subscript.
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